receptor function. The acute administration of venlafaxine and of the SSRI paroxetine (5 mg/kg, i.v.) induced a suppression of the firing activity of dorsal hippocampus CA 3 pyramidal neurons. This effect of venlafaxine was markedly potentiated by a pretreatment with (-)pindolol (15 mg/kg, i.p.) but not by the selective ␤ -adrenoceptor antagonist metoprolol (15 mg/kg, i.p
It is becoming increasingly clear that the therapeutic efficacy of antidepressant treatments such as selective serotonin reuptake inhibitors (SSRI's) finds its substrate in an enhanced serotonergic (5-HT) neurotransmission . At least in the rat, this occurs only in the midst of long-term administration of antidepressant treatments, which is necessary for the development of specific adaptative changes. Indeed, acute administration of SSRI's induces a reduction of firing activity of the 5-HT neurons of the raphe nuclei due to an increased activation of the somatodendritic 5-HT 1A autoreceptors, resulting from the increased extracellular 5-HT (de Montigny et al. 1981; Blier et al. 1984; Chaput et al. 1986; Hajós et al. 1995; Béïque et al. 1999) . However, in the course of a long-term administration of SSRI's, 5-HT neurons recover their normal firing activity as a consequence of the desensitization of these autoreceptors .
A way by which the action of the somatodendritic 5-HT 1A autoreceptors can be circumvented has been delineated by the electrophysiological observation that a 2-day administration of the mixed ␤ -adrenergic/5-HT 1A receptors antagonist (-)pindolol prevents the suppressant effects of paroxetine and of the 5-HT autoreceptor agonist LSD on the firing activity of dorsal raphe 5-HT (Romero et al. 1996) . Although microdialysis studies cannot assess the postsynaptic impact, several such studies have corroborated the above by showing that the acute coadministration of (-)pindolol and an SSRI produces a greater elevation of extracellular levels of 5-HT in terminal regions than that achieved with the reuptake inhibitor alone (Dreshfield et al. 1996; Hjorth et al. 1996; Romero et al. 1996) .
These observations have directly led to the hypothesis that the combination of 5-HT reuptake inhibitors with a blocker of the somatodendritic 5-HT 1A autoreceptor, by mean of preventing the initial decrease in firing activity of the 5-HT neurons, would lead to an earlier elevation of 5-HT levels and hence may shorten the delay of the antidepressant response Artigas 1993) . As a direct outcome of this research endeavour, it has been reported, in six of the seven double blind clinical studies assessing this issue to date, that the addition of pindolol to selected antidepressant agents is a successful strategy to shorten the delay of therapeutic action in major depression (Maes et al. 1996; Berman et al. 1997; Tome et al. 1997; Pérez et al. 1997; Zanardi et al. 1997 Zanardi et al. , 1998 Bordet et al. 1998) .
Given that the postsynaptic impact of the enhanced concentration of extracellular 5-HT observed in terminals area, especially in limbic structures following the combination of 5-HT reuptake blockers and (-)pindolol is undoubtedly of profound importance, it was deemed of interest to assess this aspect using an in vivo electrophysiological approach whereby the degree of activation of the postsynaptic 5-HT 1A receptor by endogenous 5-HT can be measured. Thus, it was first determined whether postsynaptic 5-HT 1A receptor activation could be induced by the intravenous administration of the dual 5-HT/ norepinephrine (NE) reuptake inhibitor venlafaxine and, second, whether this activation could be potentiated by (-)pindolol.
MATERIALS AND METHODS

Animals
Male Sprague Dawley rats (250-300 g; Charles River, St. Constant, Québec, Canada) were received at least one day before the experiments and housed three to four per cage. They were kept on a 12:12 h light/dark cycle, with access to food and water ad libitum.
Short-Term Treatments
Rats were anesthetized with halothane for the subcutaneous implantation of osmotic minipumps (Alza; Palo Alto, CA) that delivered for 48 h vehicle or venlafaxine (20 mg/ kg/day) with or without (-)pindolol (15 mg/kg/day). Venlafaxine and (-) pindolol were dissolved in a 50% ethanol/water solution, and control rats were implanted with minipumps containing vehicle. All experiments were carried out while the minipumps were still present.
In Vivo Electrophysiological Experiments
Animals were anesthetized with chloral hydrate (400 mg/kg, i.p.) and mounted in a stereotaxic apparatus. Supplemental doses (100 mg/kg, i.p.) of chloral hydrate were administered to maintain anesthesia monitored by the absence of a nociceptive reaction to pinching of the tail or of a hind paw. Body temperature was maintained at 37 Њ C throughout the experiment and a catheter was installed, prior to recording, in a lateral tail vein for intravenous administration of drugs.
Extracellular Unitary Recordings of CA 3 Dorsal Hippocampus Pyramidal Neurons
Five-barrelled glass micropipettes were pulled in a conventional manner and their tips were broken back to 8-12 m under microscopic control. The central barrel, used for extracellular recordings, was filled with a 2 M NaCl solution containing fast green FCF. Two side barrels, used for microiontophoresis, were filled with the following solutions: 5-HT (20 mM in NaCl 200 mM, pH 4), and acetylcholine (ACh; 20 mM in 200 mM NaCl, pH 5). A third barrel was used for automatic current balancing, and contained a 2 M NaCl solution. The microelectrode was lowered 4 mm lateral and 4 mm anterior to lambda, according to the stereotaxic coordinates of Paxinos and Watson (1982) .
CA 3 pyramidal neurons were recorded at the depth of 3.5 to 3.8 mm from cortical surface and identified by their characteristic large-amplitude (0.5-1.2 mV) and long-duration (0.8-1.2 ms) single action potentials alternating with complex spike discharges (Kandel and Spencer 1961) . A leak or a small ejecting current of ACh (0 to ϩ 5 nA) was used to activate silent or slowly discharging neurons to a physiological firing rate of 8-14 Hz (Ranck 1973) .
The uptake activity following microiontophoretic applications of 5-HT was assessed using the recovery time 50 (RT 50 ) values. RT 50 is defined as the time in seconds, from the termination of the microiontophoretic application, required by the neuron to recover 50% of its initial firing frequency. The RT 50 value has been shown to provide a reliable index of the in vivo activity of the 5-HT reuptake process in the rat amygdala and N EUROPSYCHOPHARMACOLOGY 2000 -VOL . 23 , NO . 3 lateral geniculate body (Wang et al. 1979) and in the hippocampus (Piñeyro et al. 1994) . The RT 50 value following the microiontophoretic application of 5-HT was used to assess the extent of the lesioning of the 5-HT system induced by the pretreatment with the 5-HT toxin 5,7-dihydroxytryptamine (see below).
Extracellular Unitary Recordings of 5-HT Neurons of the Dorsal Raphe Nucleus
Single-barrelled glass micropipettes were prepared in a conventional manner (Haigler and Aghajanian 1974) , with the tips broken back to 1-3 m and filled with a 2 M NaCl solution saturated with Fast Green FCF. A burr hole was drilled on midline, 1 mm anterior to lambda for recording of dorsal raphe neurons. Spontaneously active dorsal raphe 5-HT neurons were encountered on a distance of 1 mm starting at the ventral border of the Sylvius aqueduct, and were identified using the criteria of (Aghajanian 1978) : slow, regular firing rate (0.5-2.5 Hz) and positive action potential of long duration (0.8-1.2 ms). The mean firing activity of dorsal raphe 5-HT neurons was determined by carrying out systematic microelectrode descents in the dorsal raphe while recording the firing activity of encountered 5-HT neurons. Usually, five microelectrode descents were carried out in the dorsal raphe of each rat.
5,7-Dihydroxytryptamine Pretreatments
Rats weighing between 175 and 200 g were anesthetized with chloral hydrate (400 mg/kg, i.p.). Lesions of 5-HT neurons were performed by injecting the 5-HT neurotoxin 5,7 dihydroxytryptamine (5,7-DHT; 200 g of free base in 20 l of 0.9% NaCl and 0.1% ascorbic acid) intracerebroventricularly (1 mm lateral; 0.5 mm posterior to the coronal suture and 2-2.5 mm below the surface of the brain) 1 h after the injection of desipramine (25 mg/kg, i.p.) in order to protect NE neurons. The electrophysiological experiments were carried out 14 to 16 days after the lesions were made.
Drugs
Venlafaxine and WAY 100635 were given by WyethAyerst Research (NJ, U.S.A.), whereas paroxetine was given by Smith Kline Beecham (West Sussex, U.K.). 5-HT, ACh and metoprolol were purchased from Sigma Chemical (St-Louis, MO). (-) Pindolol was purchased from RBI chemicals (Natick, MA). Drugs were either prepared in physiological saline for i.v. administration or in a 200 mM NaCl solution for microiontophoretic applications. (-)Pindolol was first dissolved in a small volume of ethanol, then diluted to the appropriate concentration with saline for its acute i.p. administration in a volume of ca. 1 cc.
Statistical Analysis
Results are expressed throughout as means Ϯ S.E.M., unless otherwise specified. When means are compared, the statistical significance of the difference was assessed using either a paired, a non-paired Student's t-test or ANOVA, as indicated in the legends to figures. Probability was considered as statistically significant when the p was smaller than .05.
RESULTS
Effects of Acute Administration of Venlafaxine and Paroxetine on the Firing Activity of Dorsal Hippocampus CA 3 Pyramidal Neurons
Hippocampal pyramidal neurons were brought to a physiological (8-14 Hz; Ranck 1973) firing frequency by the sustained leak or microiontophoretic application of ACh (0 to ϩ 5 nA) and recorded for at least 2 minutes to establish baseline firing activity. The acute intravenous administration of 5 mg/kg of venlafaxine ( Figure 1A and 1C) or paroxetine ( Figure 1B and 1D) resulted in a 73% and 80% suppression of the firing activity of CA 3 pyramidal neurons, respectively. These effects were completely reversed by the subsequent intravenous administration (100 g/kg) of the 5-HT 1A antagonist WAY 100635 (Forster et al. 1995; Fletcher et al. 1996; see Figure 1) . Moreover, and as previously reported (Haddjeri et al. 1998a) , the acute intravenous administration of WAY 100635 (100 g/kg) did not significantly alter the firing activity of dorsal hippocampus CA 3 pyramidal neurons (data not show). However, it significantly reduced the suppressant effect of the microiontophoretic application of 5-HT (number of spikes suppressed; p Ͻ .01 using the paired Student's t-test; Figure 2 ). These results indicate that the dose administered was sufficient to block postsynaptic 5-HT 1A receptors without altering the basal firing activity of the neuron.
Effect of a 5,7-Dihydroxytryptamine Lesion on the Suppressant Effect on the Firing Activity of Dorsal Hippocampus CA 3 Pyramidal Neurons Induced by the Acute Administration of Venlafaxine
The effect of the acute intravenous administration of venlafaxine on the firing activity of CA 3 pyramidal neurons was assessed in rats that had been treated with the serotonergic neurotoxin 5,7-dihydroxytryptamine (5,7-DHT). First, the effectiveness of the lesion of the 5-HT system was determined by assessing the reuptake activity following the microiontophoretic applications of 5-HT. This was achieved using the RT 50 values method which provides an index on the reuptake activity of microiontophoretically applied 5-HT by serotonergic terminals (Piñeyro et al. 1994 ). These microiontophoretic applica-tions of 5-HT were performed in the same control and 5,7-DHT-lesioned rats from which the effects of the intravenous administration of venlafaxine were to be subsequently determined.
As exemplified in Figures 3A and 3B, the RT 50 values following 5-HT applications in lesioned rats were greater than those obtained in control rats ( p Ͻ .01, using the non-paired Student's t-test). Post hoc analysis revealed that, in all five lesioned-rats tested, the RT 50 values following the microiontophoretic applications of 5-HT (mean value of 103 Ϯ 15 seconds) were greater than the mean value obtained in control rats, which was of 44 Ϯ 8 seconds. This confirmed that the 5-7-DHT lesion had destroyed 5-HT neurons in all lesioned animals. This, as can be seen from Figures 3C and 3D , prevented the suppressant effect of venlafaxine on the firing activity of CA 3 pyramidal neurons, even when venlafaxine was administered at cumulative doses up to 10 mg/kg, i.v.
Effects of Pre-Treatments with (-)Pindolol and with Metoprolol on the Suppression of the Firing Activity of Dorsal Hippocampus CA 3 Pyramidal Neurons by Venlafaxine
The acute intravenous administration of two successive doses of 500 g/kg of venlafaxine induced a dosedependent suppression of the firing activity of dorsal hippocampus CA 3 pyramidal neurons (one-way ANOVA, p Ͻ .05; Figures 4A and 5) in rats that had received an injection of saline 20 minutes before (1 cc, i.p.). The degree of suppression of firing activity by the same two successive doses of venlafaxine was significantly greater in rats pre-treated with 15 mg/kg i.p. of (-) pindolol (two-way ANOVA, p Ͻ .01) (Figures 4B and 5) . However, a pretreatment with 15 mg/kg i.p. of the selective ␤-adrenergic antagonist metoprolol (Ablad et al. 1973) failed to alter the degree of suppression induced by the same two doses of venlafaxine (two-way ANOVA, p ϭ .29) ( Figure 5 ).
In all three groups, the acute administration of the 5-HT 1A antagonist WAY 100635 (100 g/kg, i.v.) reversed the suppressant effect of venlafaxine to or above baseline value ( Figure 5 ).
Effects of Two-Day Treatments with Venlafaxine Alone and with Venlafaxine and (-)Pindolol on the Firing Activity of Dorsal Raphe 5-HT Neurons
Several studies from our laboratory have shown that, in the course of a sustained administration of a 5-HT reuptake blocking agent, the degree of suppression of firing activity of 5-HT neurons is maximal at two days of treatment (Blier et al. 1984; Chaput et al. 1986 ). We have, thus, made use of this paradigm to assess the ability of (-)pindolol to prevent the effect of venlafaxine on somatodendritic 5-HT 1A receptors.
A total of 218 serotonergic neurons were recorded during multiple electrode descents (of ca. 750 m each) in the dorsal raphe of control rats and of rats treated with 20 mg/kg/day of venlafaxine with or without (-)pindolol (15 mg/kg/day, s.c.) for two days while the minipumps were still in place ( Figure 6A and 6B) . In control rats, 5-HT neurons displayed a mean firing activity of about 1 Hz ( Figure 6B) . A two-day treatment with venlafaxine (20 mg/kg/day s.c., delivered by an osmotic minipump) reduced by 88% the spontaneous firing activity of dorsal raphe 5-HT neurons (p Ͻ .01, using the Student's t-test) ( Figure 6B ). In rats treated concomitantly with venlafaxine (20 mg/kg/day, s.c.) and (-)pindolol (15 mg/kg/day, s.c.), the mean firing activity of dorsal raphe neurons was no different than that obtained in control rats ( Figure 6B ). 
DISCUSSION
The data presented herein show that the acute intravenous administration of venlafaxine and that of paroxetine, two 5-HT reuptake inhibitors, induced a suppression of firing activity of CA 3 dorsal hippocampus pyramidal neurons, which effect was reversed by the 5-HT 1A antagonist WAY 100635. Moreover, a pretreatment with the mixed ␤-adrenoceptor/5-HT 1A antagonist (-) pindolol, but not with the selective ␤-adrenoceptor antagonist metoprolol, potentiated the suppression of firing activity of CA 3 pyramidal neurons induced by venlafaxine. Finally, the observation that a two-day treatment with the coadministration of (-)pindolol and venlafaxine prevented the suppression of firing activity of dorsal raphe 5-HT neurons induced by a two-day treatment with venlafaxine alone, confirmed the antagonistic activity of (-)pindolol at the level of the somatodendritic 5-HT 1A autoreceptor.
The acute intravenous administration of 5-HT reuptake inhibitors suppresses the firing activity of the 5-HT neurons of the dorsal and median raphe nuclei (de Montigny et al. 1981; Blier et al. 1984; Chaput et al. 1986; Hajós et al. 1995) due to an enhanced activation of the somatodendritic 5-HT 1A autoreceptor by an increased level of extracellular 5-HT in the raphe (Adell and Artigas 1991; Bel and Artigas 1993; Hajós et al. 1995; Gartside et al. 1995; Rutter et al. 1995; Béïque et al. 1999 ). ACh-induced firing activity in control and in 5,7-DHT-lesioned rats is shown in B. * p Ͻ .01, compared to control values using the non-paired Student's t-test. The integrated firing rate histogram in C shows the effect of acute intravenous administration of venlafaxine on the firing activity of an ACh-activated dorsal hippocampus CA 3 pyramidal neuron of a 5,7-DHT lesioned rat. The effect of a subsequent acute intravenous administration of the selective 5-HT 1A antagonist WAY 100635 is also shown. The two dots represent an interval of 2 min. The effect of venlafaxine (D), as well as that of the intravenous administration of WAY 100635 (100 g/kg), on the firing activity of CA 3 pyramidal neurons of 5,7-DHT-lesioned rats are expressed as a percentage (mean Ϯ S.E.M.) of the basal firing activity. This is consistent with the fact that the potencies with which reuptake inhibitors suppress the firing activity 5-HT neurons are correlated with their affinities for the 5-HT transporter (Béïque et al. 1999) .
The functional outcome and relative importance of the suppression of firing activity of 5-HT neurons by the acute administration of 5-HT reuptake inhibitors were put into perspective by in vivo microdialysis studies which showed that the acute systemic administration of 5-HT reuptake inhibitors results in an enhanced level of 5-HT in terminal regions and this, despite the presence of presumably silent 5-HT neurons (Invernizzi et al. 1995; Kreiss and Lucki 1995; Malagie et al. 1995) . In light of these data, it can be assumed that the suppression of the firing activity of pyramidal neurons of the CA 3 region of the dorsal hippocampus produced by the acute intravenous administration of venlafaxine and paroxetine, is mediated by the activation of the inhibitory postsynaptic 5-HT 1A receptors by the increased level of endogenous 5-HT. This is supported by the observation that this suppression was reversed by the selective 5-HT 1A antagonist WAY 100635 (Figure 1) .
These 5-HT 1A receptors, which also mediate the suppressant effect of microiontophoretically-applied 5-HT (Figure 2) , are indeed known to have an inhibitory action on firing activity mediated by the hyperpolarization of the cells through opening of a potassium channel (Andrade et al. 1986 ). Moreover, the fact that the intravenous administration of the 5-HT 1A agonists flesinoxan, 8-OH-DPAT and flibanserin suppresses the firing activity of dorsal hippocampus CA 3 pyramidal neurons (Hadrava et al. 1995; Rueter et al. 1998 ) corroborates this conclusion. The observation that a lesion of the 5-HT system with 5,7-DHT prevented the suppressant effect of paroxetine (Piñeyro et al. 1994) as well as that of venlafaxine ( Figure 3C and 3D) on the firing activity of CA 3 pyramidal neurons, also provides strong credence to the idea that their suppressant effects result from in- creased levels of extracellular 5-HT subsequent to reuptake blockade.
Given that venlafaxine blocks also the reuptake of NE, albeit with a weaker potency than that of 5-HT (Muth et al. 1986; Béïque et al. 1998a Béïque et al. ,b, 1999 , the possibility that this property could, at least in part, mediate the suppressant effect of venlafaxine on the firing activity of CA 3 pyramidal neurons has to be considered. The abolishment of this suppressant effect of venlafaxine by 5,7-DHT, combined with the observation that WAY 100635 completely reversed the effect of venlafaxine, strongly infers that the suppressant effect of venlafaxine was mainly the result of its effect on the 5-HT rather than on the NE system. This contention is further supported, first, by the lack of suppressant effect of intravenous administration of the NE reuptake inhibitor desipramine of the firing activity of hippocampal pyramidal neurons (Lacroix et al. 1991; Curet et al. 1992; Béïque et al. 1998a) and second, by the fact at the dose used in the present study (5 mg/kg, i.v.), venlafaxine does not block, in vivo, the uptake of NE in the hippocampus (Béïque et al. 1998a ).
The suppression of firing activity of CA 3 pyramidal neurons induced by venlafaxine was potentiated by a pretreatment with (-)pindolol ( Figure 5 ). Since this suppression was also totally reversed by the subsequent intravenous administration of the 5-HT 1A antagonist WAY 100635, these results suggest that (-)pindolol potentiates the degree of activation of postsynaptic 5-HT 1A receptors induced by venlafaxine. Several possibilities must be envisaged in the attempt to identify the pharmacological properties of (-)pindolol that underlie this potentiation. Some relevant issues will hence be discussed below.
The primary clinical indication of pindolol is for the treatment of mild to moderate hypertension which is ought to its ␤-adrenergic receptor blockade. That the effects observed herein with (-)pindolol are not consequent of the latter property is shown by the observation that a pretreatment with metoprolol, a mixed ␤ 1/2 -adrenergic antagonist devoid of significant affinity for 5-HT 1A receptors, failed to potentiate the effect of venlafaxine in the present paradigm ( Figure 5 ). Importantly, this is fully consistent with the clinical observa- Figure 5 . Firing activity of dorsal hippocampus CA 3 pyramidal neurons following the acute intravenous administration of two successive doses of 0.5 mg/kg of venlafaxine (cumulative doses of 0.5 mg/kg and of 1 mg/kg) expressed as the percentage of pre-injection (baseline) value in rats that were pre-treated 20 min prior with either the vehicle (1 cc, i.p.), metoprolol (15 mg/kg, i.p.), or (-) pindolol (15 mg/kg, i.p.). * p Ͻ .01, compared to the suppressant effect obtained in rats pre-treated with saline, using a two-way ANOVA. tion of Zanardi et al. (1997) , that metropolol failed to accelerate the antidepressant response of paroxetine.
(-)Pindolol bears significant affinity for the 5-HT 1B receptor (Hoyer et al. 1985) which is known to negatively regulate the release of 5-HT in terminal areas of the rat brain (Engel et al. 1986) . Given that in functional assays (-)pindolol acts as an antagonist at the latter receptor (Schoeffter and Hoyer 1989) , it is plausible that the latter property could account, at least in part, for the potentiating effect of (-)pindolol on the suppressant effect of venlafaxine on the firing activity of hippocampal neurons that was observed in the present study. Nonetheless, while in vivo microdialysis studies suggest that a 5-HT 1B antagonism may increase the output of 5-HT elicited by 5-HT reuptake inhibitors, there is evidence that this would only be so in the presence of normal firing of 5-HT neurons, i.e., in the presence of an adequate 5-HT 1A autoreceptor blockade (Hjorth 1993; Sharp et al. 1997 ). The 5-HT 1A antagonism of (-)pindolol, thus, appears to be a sine qua non condition for its 5-HT 1B antagonistic property to be of functional relevance. However, the involvement of the antagonism of the 5-HT 1B by (-)pindolol in mediating its potentiating effect cannot be ruled out in light of the data presented herein. Nevertheless, one must underscore the fact that the 5-HT 1B antagonism of (-)pindolol does not account, most probably, for the efficacy of (-)pindolol as an adjunct in major depression and this, for the following reason. In the human brain, it has been demonstrated that terminal 5-HT release is controlled by the human 5-HT 1B receptor [h5-HT 1B (Fink et al. 1995) , using the nomenclature put forward by Hartig et al. (1996) ]. Even if the rat 5-HT 1B (r5-HT 1B ) and h5-HT 1B receptor share high sequence homology (Voigt et al. 1991; Weinshank et al. 1992) , they have important pharmacological differences one of which being that the h5-HT 1B does not bind (-)pindolol with high affinity Parker et al. 1993 ). Thus, these results indicate that the usefulness of (-)pindolol in major depression is unlikely to be due to an antagonistic activity at the r5-HT 1B receptor since the latter receptor does not have a pharmacological equivalent in humans (for review see Hartig et al. 1992 Hartig et al. , 1996 .
Previous studies have shown that the blockade of the somatodendritic 5-HT 1A autoreceptors potentiates the elevation of extracellular levels of 5-HT in terminal areas induced by 5-HT reuptake inhibitors (Hjorth 1993; Hjorth et al. 1996; Gartside et al. 1995; Dreshfield et al. 1996; Romero and Artigas 1997) . This contention has also been verified with venlafaxine in a recent report published during the preparation of this manuscript (Gur et al. 1999 ). These in vivo microdialysis studies do not, however, ascertain the overall 5-HT neurotransmission as they only can assess the level of extracellular 5-HT and not its effect on the postsynaptic target neurons. The importance of this is exemplified by WAY 100635 which possesses antagonistic properties both at the level of somatodendritic and postsynaptic 5-HT 1A receptors (Hajós et al. 1995; Béïque et al. 1999; present study) . Indeed, while this drug potentiates the rise in extracellular level of 5-HT induced by SSRI's, it concurrently blocks postsynaptic 5-HT 1A receptors, thereby partly cancelling out the effect of the enhanced 5-HT concentration on overall 5-HT neurotransmission (Figures 1 and 2) .
Given that activation of postsynaptic 5-HT 1A receptors in limbic areas may be involved in the antidepressant response , these results suggest that WAY 100635 most likely would not be an effective adjunct in the treatment of major depression, as previously suggested . In this respect, (-)pindolol differs from WAY 100635. Indeed, while at the level of the dorsal raphe it prevented the suppression of the firing activity of 5-HT neurons by two-day treatment of venlafaxine ( Figure 6 ), it did not block the effect of the venlafaxine-induced rise of endogenous on postsynaptic 5-HT 1A receptors of CA 3 pyramidal neurons of the dorsal hippocampus (Figures 4  and 5) .
WAY 100635, on the other hand, has been shown to antagonize, contrarily to (-)pindolol, the effects of endogenous 5-HT on 5-HT 1A receptors both in the hippocampus (Figure 1 ) and in the dorsal raphe (Béïque et al. 1999 ). These observations, thus, demonstrate functionally that (-)pindolol, but not WAY 100635, shows a discriminative antagonism between somatodendritic and hippocampal postsynaptic 5-HT 1A receptors, as it blocked the former and not the latter. Taken together, these results thus suggest that the antagonism of somatodendritic 5-HT 1A receptors in the absence of a blockade of their postsynaptic congeners by (-)pindolol is the most likely mechanism by which it potentiates the activation of postsynaptic 5-HT 1A receptors resulting from 5-HT reuptake inhibition. Moreover, the complementary use of the different paradigms in the present study should prove useful to assess the properties of molecules with a putative differential antagonistic activities on somatodendritic vs. postsynaptic 5-HT 1A receptors.
The discriminative pre-and postsynaptic 5-HT 1A receptor antagonism of (-)pindolol may appear surprising since there is not yet any definite evidence provided by molecular biology that these two populations of receptors are distinct entities. However, several lines of evidence suggest that the somatodendritic 5-HT 1A receptor and its postsynaptic congener have distinct physiological and pharmacological properties (reviewed in de Montigny and Blier 1992). Nonetheless, it needs to be mentioned that in the wake of the increasing interest aroused by the usefulness of pindolol in major depression, a considerable amount of apparent conflicting results has emerged. For instance, it has been shown that when administered acutely, (-) or (Ϯ)pindolol in the awake cat (Fornal et al. 1997) as well as (Ϯ)pindolol in the anesthetized rat (Haddjeri et al. 1998b) , suppresses the firing activity of 5-HT neurons in the dorsal raphe. This effect appears to be mediated by an agonistic action of pindolol on somatodendritic 5-HT 1A receptors as, in both studies, it was reversed by the subsequent acute intravenous administration of WAY 100635. Moreover, the intravenous administration of pindolol, as well as its microiontophoretic application directly onto dorsal raphe 5-HT neurons, have been reported to induce a suppression of firing activity (Clifford et al. 1998) . Overall, these results suggesting an agonistic activity of pindolol at somatodendritic 5-HT 1A receptors are in apparent discrepancy with the present ones showing that a twoday treatment of (-)pindolol produces an efficient antagonism on this population of receptors ( Figure 6 ). In addition, there is other evidence suggesting an antagonism of (-)pindolol on somatodendritic 5-HT 1A receptors. In particular, Romero et al. (1996) observed that a two-day treatment with (-)pindolol prevents the suppressant effect on the firing activity of 5-HT neurons of: 1) paroxetine (administered for two days); 2) microiontophoretically applied 5-HT and 8-OH-DPAT; and 3) the systemic administration of the 5-HT autoreceptor agonist LSD. In keeping with these observations, when administered intravenously at low doses to rats, pindolol prevents the suppressant effect of intravenous administration of the 5-HT receptor agonist LSD on the firing activity of dorsal raphe 5-HT neurons (Haddjeri et al. 1998b) .
Although this antagonism was not observed in the awake cats and in the anaesthetized rats with the use of systemic administration of the 5-HT 1A agonist 8-OH-DPAT (Fornal et al. 1997; Haddjeri et al. 1998b) , in vitro electrophysiological studies in the rat have demonstrated that (-)pindolol antagonizes the inhibitory action of 5-CT and ipsapirone on the firing activity of dorsal raphe 5-HT neurons in mesencephalic slices (Corradetti et al. 1998) , thus giving further credence to the notion that pindolol possesses somatodendritic 5-HT 1A receptor antagonistic activity. Part of the answer to these inconsistencies may lie in the observation that a low dose of (-)pindolol is more effective than a higher dose in antagonizing the decrease of extracellular levels of hippocampal 5-HT induced by 8-OH-DPAT (Assié and Koek 1996) . Although definite evidence remains to be provided, the most likely explanation for these apparent discrepancies is that pindolol would display a predominant agonistic activity at high concentrations and an antagonistic one at low concentrations. The latter contention is however questionable in light of the apparent discordant observation observed at the postsynaptic level also.
Using the in vitro hippocampal slice preparation, it was shown that pindolol readily blocks the effect of 5-CT (Corradetti et al. 1998) , whereas in vivo electrophysiological studies suggest that pindolol does not antagonize in the dorsal hippocampus microiontophoretically applied 5-HT (Romero et al. 1996) as well as endogenous 5-HT (present study) where the concentration of the drug is likely to be lower. Interestingly, using a biochemical assay (stimulation of [ 35 S]-GTPgS binding in Chinese Hamster Ovary cells), a recent study has shown that whilst (-)pindolol displayed intrinsic activity (although modest) on human-5-HT 1A receptors mediated function, it also blocked the action of 5-HT itself, thus showing a clear partial agonistic activity (Newman-Tancredi et al. 1998) . Thus, the notion of a partial agonistic activity of pindolol may reconcile some of the apparently discrepant effects observed using different experimental conditions and approaches.
The results presented herein must also be considered in a clinical perspective. There is now a large body of evidence suggesting that the activation of the postsynaptic 5-HT 1A receptor plays a prominent role in the therapeutic action of antidepressants, thus validating the clinical significance and relevance of attaining its earlier activation (Kurtz 1992; Haddjeri et al. 1998a) . Therefore, that (-)pindolol acts by circumventing the homeostatic activity of the inhibitory somatodendritic 5-HT 1A autoreceptor in a way to potentiate the activation of postsynaptic 5-HT 1A receptors, provides a tenable and attractive hypothesis for its clinical effectiveness as an accelerating strategy in the treatment of major depression.
It has been suggested that venlafaxine is endowed with a faster onset of action in major depression and that it is effective for treatment-resistant depression (Nierenberg et al. 1994; Derivan et al. 1995; de Montigny et al. 1999) . Since the latter phenomena supervene only when high doses are administered, it has been suggested that they would be attributable to the recruitment of the noradrenergic system through NE reuptake blockade as this occurs only when high doses are administered to rats (Béïque et al. 1998a ). Thus, in light of the results presented herein, one can contemplate the possibility that the combination of pindolol and venlafaxine might prove a powerful strategy to hasten the antidepressant response as well to treat refractory depression.
